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UNANNOUNCED  \yyc1 aSSIFIED (2
Vatertown Arsenal Laboratory
~ Forien o A 5 dpril 1940 w“}o)\

1y
<
| BAYONETS - Q\/
"‘ paos %, oL
) letallurgical Txamination of Bayonets of Commercial and %‘6\
Springfield Armory Manufacture

0BJECT

To determine Method of Weat Trestment to Provide the Strongest
and liost Durable Bayonets,

X 536¢

SUILIARY OF RESULTS

1, ‘The method of heat treatment believed to nrovide the strongest
and most durable bavonets is as follows!

A. TYeat in a lead or salt bath with the bavonet immerased
from the blade point to the pommel, The temmerature of the bath and
the time of hoating should be chosen to insure adesuate hardenability,
The means used to supmort tiie baronet should not vrevent any nortion
from attaining the temmerature of the neating both and should not
interfere with uniform ouenching,

. _B. Quench with a minimua of delay into 0il maintained at ,
or near room temperature.

C., Temmer to result in a uniform hardness in the range of
Rockwell "CV 46 to 52, |

2. To prevent the formation of grain boundarv cardbide network }
and consequent brittleness, a uniform rate of air cooling from the
forging heat is essential. Also, care should be taken not to anneal
bayonets at too high a temperature.

3. WD-1080 steel is considered to be the optimum composition for 4
bayonets from the standpoint of conservation of strategic elements, )
adequate hardenability, potential toughness, and ability to retain
keenness of cutting edge.

Bernard 5, Lement
Associate Ketallurgist 1

,, s UNCLASsIFIED
Colonel, Ord. Dept,
Director of Laboratory
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INTRODUOTION AND TEST PROCEDURE

At the request of the Office, Chief of Ordnance, (SPOTS)* a
metallurgical examination cf nine lots of M1 and M1905 bayonets was
carried out in an effort to determine a method of heat treatment to
provide the stronges{ and mogt durable bayonets, It was revealed by
the Cranance Office that reports had Yeen lately received from the
field regarding numerous breakages of bayonets manufactured by the Pal
Blade Company, The breakage uniformally o-curred in the tang immadiately
to the rear of the bolater which supports the guard. Investigation dy
the Ordnance Office determined that since 1923, and possibly conoiderably
before that time, the tangs of M1905 and M1 bayonets were not heat
treated, possibly with the mistaken idea of providing a soft tang which
would bend rather than break in use. It was found thet the heat treat—
ment as used by the Pal Blade Company provided an especially poor grain
structure at the section of the tang directly to the rear of the bolster.
The Pal Blade Company wae requested to heat treat the blade and tang
completely to the pommel, Preliminary teste of bayonet blades heamt
treated in thie menner have indicated that they are superior to those
treated in the previous manner,

“he bayonete roceived at this Arsenal for examination comsisted
of the following nine lots, each containing 25 bayonsta:

Lot Type of Year of Information on Heat
__ ___Bayonet Manufacturer Mig, Treatment
4 M1 Pal Blade Company 194 3»e Hoat treated tange
B M1 Pal Blade Company 19U 3ne Unheat treated tangs
c M1 Pal Blade Company 1943%*  Current or late mfg,
D M1 Anerican Fork & Hoe

Company 1943**  Current or late mfg,
E Ml Utica Cutlery Company 1942***  Current or late mfg.
¥ Ml Union Fork & Hoe

Company 1G4 zee Current or late mfg,
G M1 Oneida Ltd. 1943 Current or late mfg,
H 1i1905 Wilde Drop Forge &

Ufg, -Company 1943 Current or late mfg,
I M1905 Springfield Armory 1906 to

1918‘*** —— e 0 mn + e 4 o e s e e e 2t
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* 0.0, UTH,T/1702 - W4, U7L,8/74 (See Appendix C)

** Year of manufacture was not stamped on bayonets but probably is 1943,
*¥¥ Only 9 bayonets of this lot were heat treated by ths Utica Cutlery Co,
A1l 25 bayonets of this lot were originally of the M1905 type and

were modified to the M1 type by the Utica Cutlery Co,
#¥¥¥ Bayonets of all years from 1906 to 1918 with the excepiion ¢f 1910
were submitted,
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. The procedure in this exanination consisted of the following
steps!

¥ (1) Deterninntion of chemicnl composition of bryonets
reprosenting each lot,

(2) Rockwell 'CY hardnees surveys taken on longitudinal
soctions of daymnots representing eanch lot, The
sections chosen included the tang up to the pomnel
and fron three %o five inches of tho blade ns measured
fron the front of the guard, 4 typical section is
shown in Figure 1, Bach section was ground parallel
to and for a distance of 3/16¥ from the flat edge or
bYack eside of the dlade, Hardnems readings wore taken
1/U* apart starting at the roferonce point in line with
the front of guard, In reporting the resuits of the
hardness surveys, the direction of the blade polnt
is noted as positive wherens the direstion of the
pornel is noted as negative,

| (3) Mierocexaninntion of the longltudinal sections of
| representative dayonets of each lot previously sub—
Jeotod to hardness suwveys, The strusture of the
. oritiecal seoction®™ and of the portion of the hlade
possossing naxirun hnrdress was deternined for
bayonets of each lot, In addltion, exanination was
v nnde of the tang near the ponnel and of regions of
hnrdnees transitional sones where neasssary to explain
hnyrdness variations,

RESULTS AND DISOUBSION

1, Ohemioal Oorposition

The cherical corposition of each lot of bayunets is given in
Table I, In the case of Lot I which was nanufactured by Springfield
Arnory, cheniocnl annlyses were nade of hHayonets representing each of
the twelve years of nanufnoture suhitted, It was found that the
bayonete subnitted by four of the six comnerclial corpsnies, Lois 4,
B, 0, D, ¥, and @, were nade fron WD~1O80 stoel; whorecas the bayonets
subnittod by the other two sonpanies were nnde fron WD-5090 steel, Lots
B and H, The bayonote nanufactured by Sprinsfield Arnory (Lot I) 0
in the years 1906 to 1915 were found %o range in carbon content fron E?/
<75 to LUOE and all were made of plain onrbon stecl witlh the exsoption
of those nenufactured in 1913, 1914, and 1915, The 1913 and 1915 bayp= ... _

* The oritical section referred to in this report is the section
innediately to the rear of the bolster where breakages 1n the tang e
have Yeen reported, Lodes
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onets vere nade of modified WD 1080 steels cortalning .38% tungsten
and ,83% nickel resmectively, whereas the 1914 bavonet was made of
a modified WD 5095 steel containing ,55% nickel,

The maximum eection sizes of both the Y1905 and M1 bavonets are
such that the use of alloying elements.is unnecessary to insure ade—~
quate hardenability after oil quenching. WD-1080 steel corressponds
to the eutectold composition for plain carbon steels and is known to
possess grocter potertial hardenabi’ity than steels of higher or lower
carbon content. As commared with steels of higher carbon content,
WD-1080 would be expected to nossess greamter potential toughness but
less ability to maintain keonness of cutting edge. As comoared with
steels of lower carbon content, WD 1080 steel would be exmected to
possess lesp potential toughness but greater ability to maintain
keenness of cutting edge. On the basis of conservation of strategic
elements and conciderations of the proverties desired iIn bayonets,
WD 1080 stpel wouid appear to be the ontimum commosition for thia
apnlication,

II. Hardness Surveys

The resulte of the herdnsss survevs are giv.n in Appendix A,
These results are summarized in Teble II which lists the general hard-
negs level of the tang, the average hardness at the critical section,
the linite of hardness transition zones, and the general hardness level
o¥ the maximum hardened wortion of the blades of bayonets representing
each lot, Detamiled resurts of the hardness surveys follow:

A, Oymoral ¥ardness Level of Tang

As shown in Table II, only three of the eight lots of commercially
manufactured bayvonets noassess herdened tangs. The general hardness
levels 6f the hardencd tangs are Rockwell "C' 47-Rl, 37-39, and 49-50
in the case of Lots A, C, & F respectively, The other five lots of
commercially manufactured bavonets nogeess unhardened tangs varyiag
from Rockwell "C" -9 to 2%, In the case of the bavonets revresenting
12 years of Springfield Armory manufsmcture, the genersl hardness level
of the tangs varies from Rockwell "C" % to 30, 3Bayonets manufactured
in 1908, 1909, 1911, and 1912 possess tangs of the highest hardness
level (Rockwell "C" 27-30) whereas the level of all the other vears of
Springfield Armory mamufacture ie Rockwell "C" 21 or lower,

B, Average Vardnoss of Cpitical Section

The average harduess at the criticnl section of four bavonets of
each lot of commercial manufacture and of one bavonet »f each of the
12 vears of Springfield Armory manufactire is given in Table II, The
general hardness level of the tang is eaulvalenv to the average hardness
of the critical section in the case of emch of the nine lots with the
exceptions of Lots C and D. In the case of Lot €, the critical section
is in the hardnese transition zone, wherea: in the case of Lot D, the
critical section is in the maximim hardened vmortion of three of the four
bayonets tested,
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C. Hardneg~ Mransition Zones

The hardness 4raunsition zones consist for the most mz.t of lengths
of tho bayonets over which the hardness increnses uniformly on going
from the tang to the maximum herdened mortion of the blade., The limits
of the transition zonesg vary from lot to lot and even in the same lot.
Considered a8 a whole, the limits of the transition zones for all nine
lots are 1-1/4" from the guard in the direction of the pommel and 3"
from the puard in the direction of the point, In ‘he case of the bavo-
nets of Lots A and F which possess hardened tangs, the h-rdness decreases
to a minimum of Rockwell "C" 37«40 and 23~25 resmwectively instend of
roemaining uniform throughont, In the case of the bryvoa.ts of Lot O
which possess hardened tangs which are somevhat softer than the maximum
hardened nortions of the blades, the hardness decreases to a minimum of
Rockwell "C" 11-26 at the front of the guard instead of increasing
wniformlv on going from the tang to the blade,

D, Hardnese Level of Blade

The hardness level of the maximum hsrdened portion of blades rep-
resenting each lot is within the range of Rockwell "C" U3 - 55, This
range overlaps the hordness range of Rockwell "C" 4E-52 stipulatedfor
baronet dlades in V,S., Army Spec. Yo, 57-108-3B,

III. Hicroexamination

A, Critical Section

The microstructurcs at the critical sections of bayonets renresenting
each of the nine lots arc shown in Figuree 2 -A~ to -T-, A summary of
tie condition ~nd herdness of the critical sections is given in Te™le
III, It was found that tho microstructures of Lots 4, C, D& ¥ con-
sigt primarily of temmered martensite, indicating a cuench =nd temmer
treatment. The microstrictires of the five remaining lots veryv from
gpheroidized cementite Lor alloy carbides) to nredominantly pearlite,
indicating for the most mart vnriations in the anne~ling treatment.

In the cas> of Lots E, I 1909, I 1912, »nd I 1917, the wresence of

a cementite netiork was detected at the grain boundaries, indicating

a slow rate of cooling from the forging heat. Traces of grain

boundary cementite together with a coarse wearlite structure were

found in the case of Lot B, which may be the result of too high an
anncdling temmerature. The finencss of the nearlite and the hordness -
of Lots I 1908, I 1909, I 1911, and I 1912 indicate that these par-
ticular bavonets were not annealed after forging, 3vidence of cold
working was found in the Lot I 1908 bayonet, indicating that forging

was finished at too low a temmerature,

B, Maximum Hardened Pcortion of Blade

The microstructures and hardness of the maximum hardened portion
of representative bavonet blandes of eanch lot are shown in Table IV,
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The microstructures consist for the most nart of temmered martensite,
indicating a quench and temmer treatment, Yowever, such mierostructural
consgituentes as undissolved carbides, undiseolved or nartially dis~
solved pearlite areas, and pearlite ghosts (nartially dissolved cementite
in lamellar form) were found and indicate that most of the bayonets were
insufficlently heated orior to quenching, The nresence of vrimary troost-
ite vns‘Pound in moet cases and indicates a slow rate of quenching al-
though to some extent insufflcient heating may have rosnlted in lowered
hardenability, In cases where undissolved carbides and/or nearlite
ghosts were found without any wrimary troostite in the structure, the
aeat treatment was judged nassable but was not considered to heve re~
sulted in the most desirable condition., The most desirsdble condition

is believed to be a substantially homogeneous microstricture con-
sisting of temmered martensite.® The nwresence of grain boundary
carbides was detected in Bayonets Yot I 9, I 14, I 15, and I 18 al-
though not in mos%t of the bayonets which were found to vossess this
condition a% the critical section., This indicates that solution of

tho carbide network can occur to some extent during the heating for
herdening, The decarburization found on the sides of Bayonets Lots

Cl, @1, rnd K 1 nrobably resultod from nrevious forging or anneal-

ing treatments and was not removed by machining prior to hardening,

C. Supvlementary lilcroexamination

In order to determine the rcason for variations in the results of
hardness survevs of the four bayonets of Lots A, B, 0, D, and F given
in Appendix A, microexamination wasz made of selected mositions in
these bayonets, Tha results of this sunplementary microexemination is
sunmarized in Table V wvhich also includss the “ardness values of the
positions ex~-mined. Photomicrographs of thesc structures are shown
in Figures 2 =U-. to -2l- aAnd their signifiosnce is as follows:

(1) Lot A - The structure near the nommel of Bayonet o. 1 con-
slsts of tempersd mertensite with little or no wrimary troostite as
shown in Figure 2 -U-, This accounts for the hirsher “ardness near
the nommel than in the region betwenn the criticel section and gusrd
where the structure coneists of areas of wrirary troostite at the grain
boundaries, pesrlite shosts, nud temmered mertensite as shown in Figure
2 ~A~, It appears that the mesns used to supnor® the bavonet nrevented
tuls veglon from atteining the temmerature of the heating bath,

(2) Lot B - The structure of the critical sectious of three of
the bavonets of this lot varies from coarse mearlite to snheroidized
pearlite as shown in Figures 2 -B-, ~V=, nnd -W~, These veriatione
indicate that the baronets of this lot did not receive a wniform »n-
nealing treatment,

T et ot T e ke S o e B M e e T M S s D s S L 40 Lt e S i SO et o g S a8 0 S o e S e et B e} A et i P i i b 4nd A TR S o e
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(3) Lot 0 - The structure nenr the pommel of Bayonet 1b, 1 is
shown in Figure 2 ~X~ ~nd consiste of tempered marter ite and rumerous
small nreas of primary troostite. The presence of more primary troost-
1te in the tang near the pommel than at the critieanl se ilon (see
Pigure 2 -C~) accounts for the lower hardness near the pommel. The
presence of troostite lIn the tang indieates a slower rate of quenching
than was attained in the hardened portion of the blade,

The structure at the front of the guord of Bayonet No. U consists
of areas of pemrlite and primary troostite as shown in Figure 2 -Y-,
This structure accounts for the hardnees decresnse which wes found at
the front of tho guard of Bayonets No, 2 and ¥4, IEvidently, the
region at the front of the guard wns prevenied from ~ttaining the
teuperature of the heating bath by the means used to support the
bayonets,

(4) Lot D - The struct-re at the sritical section of Bayonet No, 2
of this lot consiste of spheroidized cementite with trnces of pearlite
a8 shown in Figure 2 ~Z~., The tang of this %ayonet is in the unhardened
condition whereas the tangs of the other three b-yonets of this lot were
hardened strrting nt a point about 1" from the front of the gusrd., This
indicnted that bayonets of this lot wero rnot iiersod to the s-ne depth
in the bath used for heating.

(5) Lot E - The structure at a point 3/U" from tho front of the
gunrd in the direction of the blade point of Bayonet Fo., 1 is shown in
Flgure 2 ~7 - and consists of spheroidized cementito in a ferritic natrix
which shows some evidence of cementite solution, This structure ac-
cour.tas for the decrense in l1ardness which occurred at this locntion in
a1l four bnyonets of this lot th~t were tcsted, ZIEvidontly, & region
about 2" long of the portion of te bl-de rear the front of the gu-rd
did not attain the temmerature of the b~th used for "eating, It 1s
bolieved thnt the rieans used to support thomse boyrorats during heating
wng responsible for this condition,

IV. Digcuesion of Results

The results of tiis examinntion reveal that varintions in forging,
annealing, hardening, and temporirg treatnent as well as in composition
oxist maiong the nine lots of bavonots subnitted. From the st~ndpoint
of conservation of strategic elenments, ~dequrnte horder~bility, potentinal
touglness, ~nd nbility to retnin kecnncsse of cubtti-g edge ~fter hent
trentnent, the WD-1080 etecl is considerod the best steel to use for
bayonets,

Tho oocurrence of c-rbids network »t the gr-~in dbow.d~ries of bnyo~
nets is consideored detrimental to their toughness ard n~y possible no-
count for the bPre~kages which "~ve occurred at the critieal scctior,

In order to prevent the formntion of such n rotwork, it is inmport-nt
that nothing interfere with the normal rate of »ir coolirg of bayonets
from the forging temperaturo. A4 slow rate of cooling leaiing to the
formation of sarblde network cnn ococour if the bryonete are stacked
together right after forging. If such a network does result, 1t can
be elininated by a normnlizing treatment prior to annenling, A
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carbide network can =1lso result from too high an ponesling temmerature,™

The structure and hardnees resnlting from annenling denends on the
temperature, time, and rate of cooling, Figh snnealing temmeratires,
long times at temmerature, and relatively fast rates of cooling are
conducive to the formation of mearlite} whereas low srinealing temmera-
tures, short times at temmerature, snd relatively slow or even in-
terrupted cooling is conducive to spheroldized structures, 3By nroner
control of the above mentioned varisbles, almost anv combination of
perrlite and sphercidized carbides mav be obtained. From the stand-
point of machineability, it is generally desirsble that the annemled
structure be composed of not more than 25% of mearlite areas, The
size of the spheroidized carbides ghould nreferablv be emall go that
they will not be likely to immair machineabilitv and so that thev will
Gissolve readlly in heating for hardening, The nractice of eliminating
the annealing treatment and machining bavonets in the as-forged condition
is not to be recommanded because of the added machining difficulties
due to increased hardness and non-wiformity of wmisrostructure,

The annealed structures which were found in the bavonets examined
varied from a condition of oamplete svheroidization to all mearlite,
corresponding to a variation in hardness of -9 to 23 Rockwell ¥CW,

This variation in hardness corresnonds to m varistion of tensile strength
from =bout 70,000 tc¢ 120,000 osi, Tucrefore, if the tangs of bavonets
are not to be hardened, it would apnear desirable from the standnoint of
strength to aim for a mesrlite rather than a spheroidized structure

af ter annealing, FHowever, by hardening the tange as well as the blades
of bayonets, it is nossidble to take advantage of the machining aualitles
of a spheroidigzad structure and at the same time increase the strength
of the tang considerablv above that obtainable by an annealing treatment
which results in all venarlite.

High strength is desiradble in the tongs of bavonsts from the sisnd-
point of nreventing the occurrence of bending in eervice. If high
strength is brought about by promer Yeat treatment, it is believed thnt
the resulting toughness will be adenusate to insure satisfactorwv merformance,
It is important, however, that carbdide network at the grain boundarises
resulting from the annenling treatment be avoided since this condition
cannot always be eliminated by the heating for hardening and lowered
toughness will result,

The use of a lend or salt heating bath is well suited to the
production hardening of bavonets hoth from the standnoint of fast “eating
and freedom from seale snd decsrburizmation, The temmerature of the

-y o an
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* In both the forging mnd annealing tremtmerts, care should bde taken to
prevent excessive decarburization since this condition is of course
detrimental to the cutting edge of bavonet bHlades,
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heating bath and the time of heating should be so chosen to allow
the bayonets to develop adequate ardenability on quenching,

Too low a heating bath temmerature or too short a heating time may
result in soft ev ts (4roostite arems) or mw even result in failure
to harden, Too high a heating bath temmerature or too long a
heating time may result in grain growth which is detrimental to
toughnees. A heating temperature in the range of about 1500 tn
1600°F and a heating time of about 6 minutes is recommend; however,
the optimum temmeratiure and time will devend on guch factors as
the number of bavonets hardened at one time and whether lead or
salt 18 used as the heating bath, 0il is mreferred to water as
the quenching medium since less cracking and distortion results
from oil gquenching,

In irrdening bavonets from the blade moint tn the mommel,
production difficulties mayv interfere with attaining » miform
hardness throughout. The mesns of supporting bhavonets in the
heating bath may mrevent mwarts of these bevonets from attalning
the desired temmerature prior to aguenchineg, Likewlige, the menns
of support may =lso interfere with -miform guenching of bayonets.
The time between removal of the tanse from the hesting bath ~nd
insertion in the cuenching tenk moy be too long to mermit the
attainment of full hardening in the tangs., All of these fnactors
must be consldered in order to insure uniform hardening, In
addition, care shonld be taken to meintain the ouenching oll at
or near room temmwerature,

The temnering treatment considered desirable for uniformly
hardened bavonets should be such as to result in a uniform “ardness
in the range of Rockwell "C" UF to 52, MThis hardness range has been
found the optimum for bavonet blades from the stsndvnoint of immact
strength and meecting the bend test reauirements of 1,8, Armv Snec-
i1fication Mo, 57-4-1R*, This hardness renge is considercd satis~
factory for bayonet tange since transverse bend tests of WD-1080
Yayonct steel have revealed that below s hardness of Rockwell "CY
51-52 bending rather than breskage occurs at mrximum load. (8nn
Appendix BY, A uniform herdness in the range nf Rockwell "C" 46
to F2 can be obtained by temnering the entire hHavonct for 2 rowurs
at a temperature i t%e range of 550 to TRO°F,

* WAL Report !Mo. 320/29
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TABLY I

CFETITICAL COMPOSITIOM

YIAR
; or
LOT MAUTFACTITRTR 1'FG, STTEL c St

[

P ¥I R w

A  Pal Blade Co, 1943* WD 1080 .81 .79 .13 ,N%5 ,023 M1 .01l R
B Pal Blade Co, 1943* WD 1080 .83 .79 .27 .0%0 ,012 Wil .0l ——
C Pal Blade Co, 1943* WD 1080 ,83 .8l .17 ,036 .019 Mil ,N1F  —mm-
D American Fork

& Hoe Co. 1947* WD 1080 .83 .58 .23 ,035 .020 .52 .0% ———
¥  Utica Cutlery

Company Q%2 WD 5090 .85 .52 .30 .02L 020 ,°0 50 e
F  Union Fork

& Hoe Co, 194%™ WD 1080 ..87 5% .2F .0%2 017 Trace.n?s  ———a—
G Oneida Ltd, 19“; WD 1080 L79 .65 .21 027 015 i1 02 @ —eee
H Wilde Drop '

& Forge lfg.

Company 1943 WD 5090 .89 .3/ ,°7 021 015 M1 ug e
I  Swnringfield

Armory 1906 WD 10110 1.13 WA .21 03k ,0U2 Trace,0l ————
I Springfield

Armory 1907 %0 10100 1,08 .26 .28 .n1l° ,011 ™1 .01 .02
I Springfield

Armory 1908 YD 1095 .94 .35 .15 071 emme M1 01 cmmm
1 Springfield

Armory 1909 WD 101luo 1,k1 Lo .15 ,,026 .018 ¥il 01l  ~mm-
I Springfield

Armory 1911 "D 1095 .83 .32 .14 ,029 ,011 i1 .01 S
I Springfield

Armory 1912 WD 10110 1.11 41 ,08 .n29 ,011 "Mil ,nl —— L |
I Springfield

Armory 1913 lModified

WD 1080 .75 .36 .21 .01f ,012 Trace,l0 .38
I Soringfield
Armory 1914 Modified
WD 5095 1,03 .30 .11 ,047 .ung 5% Llo ———
I Soringfield
Armory 1915 Modified
WD 1080 .87, .W M0 .17 .04l .01M .93 ,12  —mee
I Soringfield '

Armory 1916 WD 1095 1,03 44 .16 .n33 ,017 Trace,06 - {
I Springfield

Armory 1917 WD 10100 1,06 MW ,16 ,0%2 ,01€ Trace,0l  ———-
I Springfield ,

Armory 1918 WD 10100 1,08 .22 ,30 L0l7 ~-—= Trace,07  <UB {

* Yogr of manufacture was not stamped on bayvonets but mrobadly is 1043, J
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TABLE Il
RBSULTS OF HARDITESS SURVEYS

ROCK~
AVERAGE INCAT! N OF WELL
ROOK~ ToATSITIONAL  "C¥
ROCKWELL  WELL ¥C" Z0NB 45 MTAS- HARD-

TYFE NUMBER ®C¥ TLi\RD- HARINESS URED FROM VESH
OF YEAR OF IESS LEV- AT CRIT- FRONT OF LEVEL
BAY~ OF  BLADZS XL OF I0AL GUARD IN oF
LOR MANUPAOSURMR ONET MFG, TRESTED TANG SECTION  IiCHES,** BLADD
A Pal Blade Co, Il 1943* L4 LT to 51 U7 -1 to +1/k 4g-50
B Pal Blade Co. M1  1943* 4 9 t0 § 1 ~3/4 to 2 go—su
C Pal Blade 0o, M1  1943* L 37 $o0 30 yi -1 to +2-1/%  Lg-m1
D Anerican Fork
& Hoe Co, ML 19U3* L4 6 to =2 “2 b0 =1-1/4 to +i K253
E Utioa Cutlery 51
Conpany M1 1942 4 10 to 23 18 +1/2 to +1~1/2 Upass
F Union York
& Hoo Co, ML 1943* 4 U9 to 50 50  ~-l/2 to +2-1/% 49-x1
¢ Onelda Ltd, M1 1943 4§ to 2 0 =1/l to +1-3/4 UG5l
H Wilde Drop .
& Forge
Mfz, Cos N190%5 19%3 L4 2 to 13 8 ~1/2 to +3/4 53-55
I Springfleld
Arnory 11905 1906 1 21 16 ~-1/2 to +1-1/4 52
I Springfield
Arnory 41905 1907 1 21 17 ~1/4 to +3 4g
I Bpringfiecld
Arnory " 1908 1 29 26 =1/4 40 42 52
I Springfiecld
Arnory " 1906 1 28 23 =14 to +1-1/4 43
I Bpriagfield
Arnory " 1911 1 27 25 -1/2 to +1-3/L4 52
I BSpringfiold
Arnory ¥ 1912 1 30 29 ~1/2 to +2 51
I Bpringfield
Arnory " 191 1 16 16 +3/4 to +1-3/4 52
I Bpringfield ‘
Arnory " 1914 1 15 16 ~1/4 te-wi~3/4 51
I Bpringfield
Arnory * 1915 1 17 13 +1/2 to +2 50
I f(pringficld
Arnory " 1916 1 3 3 0 to +2 kg
I Springfield :
Armory 1917 1 13 2 3% to 1.3/4 WY
I Bwringficld
Armory u 1918 1 17 13 0 to 1-1/h Y7

* Yonr of n-nufacture wns not et~mncd on bavonot “ut probably is 1943, .
~» Direction of “lade point is positive; direction of pmimel is negative.
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TABL® III

SUICMARY OF RISTLTS OF MICROWXATI™ATIQN OF CRITICAL SWCMIOMS OF

. BAYOIEM™S
TYPE TEAR OF ROCKWELL
\ 02 MAIU- PigURT™ nen
Lom 70, TANUFACTIRER BAYO'™RTS FACTRE COVDITION MMBTR  WARDY™TSS
A 1 Pal Blade Co, M1 19U3* Slowly auenched 2 —A- U7y
and temmered
B 1 Pal Blade Co, M1 1943* Ahnealed - * 2 =B~ N
G 1  Pal 3lade Co, M1 19&3* Slowly quenched 2 ~C- ug
and drawm
D 1 American Fork
and Hoe Co. ML 1943*  Slowly quenched 2 ~D- Yo
’ and drawvm
z 1 Ttica Cutlery
Company M1 1942  Apnenled 2 -T- 22
¥ 1 Union Fork and
Hoe Company 1l 1943* Quenched and 2 ~Fe 50
Temmered
G 1 Oneida Ltd, M1 1943  Snheroidize=~ 2 G- 7.5
Annenled
H 1 Wilde Drop
) Forge iffg. Co, 1M190R 19427  Spheroidized . 2 =Y %5
I 6 Springficld
Armory 11905 1906  Svheroidize— 2 ~I- 1A
* . Annesled
I 7 Sypringfield
Armory 111905 1907 Spheroidizge-— 2 - 17
v Annealed
I 8 Svringfield
Armory " 1908 TForged to too 2 K- °h

low a temmerature
I 9 Soringfield

Armory n 1909 Forged 2 —L- 23
I 11 Springfield ‘
Armory n 1911 TForged 2 ~l— 25
I 12 Springfield
Armory n 1912 Porged D M. ng
I 13 Springfield
Armory " 1913  Annealed 2 ~0- 1A
I 14 Springfield
Armory b 1914  Spheroidize—
Annesled 2 ~P- 1A
I 15 Springfield
Armory " 1915  Annealed P -Q- 13
I 16 Springfield
\rmory " 1915 Spheroidize~
Annealed 2 -R~ k]
I 17 Siringfield
’ Armory " 1917 4Annealed D =3 12
I 1z Springfield
n o i 7 Qe
Armory 1918 \Sphergddize 5 e 13

* Yeoar of manufacture was not stammed on bayonete but nrobably is 19u3.



743

13 17

SUMMARY ~7 2EBSULTS OF MICROEXAMIMATION OF MAXIM'M VARD™™ED PORTION

LOT 0.

OF BAYOI™IT BLADTS

TAITFACTTRYR BAYC)MET PG, MICROSTRICTTRE

ROCK'WLL
noh

FARDMESS RTWARKS

A 1 Pal Blade Co,

B 1 Pal Blade Co,

¢ 1 Pal Blade Co.

D 1 Americen Tork
and Hoe Co,

b=
—

Utica Cutlery
Commpany

¥ 1l Union ¥ork
& Hoe Co,

G 1 Oneida Ltd,

H 1 Wilde Drop
Forge & Yfg,
Company

I 6 Springfield
Armory

TYPE  Y7AR
OF OF

M1 19u3*
M1 19Uz
M1 19L3*
M1 19L3*
M1 19i2
M1 194 7%
M1 1943

1905 1943

171905 1906

Temmered martensite.
Areag of nrimarv
troostite, and
nearlite ghosts at
canter,

Temmered msartensite,
Pegarlite ghosts at
center,

Temnered martensite,
Pearlitn ghosts at
center, Both sides
carbrized 0,011 to
0,017%,

Temnered r-rtensite,
Primsryv troostite
areas, Undissolved
carbides,

Temered martansite.
Poorlite ghosts at
center,

Termered martensite,
Undissolved carbides,

Temmered martensite,.

Small wrimarv troost—

ite - . Pearlite
reagne side de—

shosts.
carburined .001".

Temmered mortensite,

mdissolved carbides.

Both sides decarbur—
ized 008",

Temmered mortensite,

Small nrimsrv tronst—
ite sre~s, "ndissolved

corbides,

50

54

"0

ug

51

50

53

Ingnfficlent
heating »nd
slow rate

of amench-

ing.
Pagsnble

heat treat—
ment,
Pragable
heat treat-
ment,

Insufficient
heating »nd
slow rate

of auenching,

Pass»hlé
hent tremt-—
ment,

Paggeble
hent treat-
ment,
Insufficient
heating ~nd
glow rate

of ouenching,

Pagsable

herst treat—

ment,

Insufficient
heating and
glow rate

of ouench—
ing,




TARBLE IV (COMIT!D)

SMMIARY OF RESULTS OF MICROTXAMIMAMION OF *AXTMN WAND™TID PCRTION OF

TYFE
or

BAYOM®T BLADTS

VIAR
oF

ROCKWWLYL

LOT rO, MAYUFACTURER BAYO'ET '3G. MICROSTR''C™TE

I

7

11

12

13

Springfield
Armory

Springfield
Armory

Springfield
Armory

Springfield
Armory

Springfield

Armory

Svringfield
Armory

M1905 1907

11905 1908
" 1909
"
"no1912

" 1913

Temvered martensites
‘and gmall areas of
nrimarv troostite

at outeido, Primary
tronstite and =ress
of partiallyr dis—
solved pearlite and
undissolved carbides
at center,

Tempered m-rtensite.
Primary troostite.
Tndissolved carbides
both within grains
and at grsain
boundaries.

Primary troostite,
Partinllv dissolved
pearlite srcas, Tn-
dlissolved corbides,

1911 Temmered martensite.

Primarv troostite,
Penrlite chosts,

Tempered martensite

Temered mar tensite,
Pearlite ghosts,

ne

TARDITISS RMMARYS

uy

52

51

Insnfficient

heating =2nd
slow rate
of quench-
ing.

Ingufficlert
heating and
slow rate

of ouench-~
ing.

Ineaufficient
heating and
verv glow
rate of
auenching,

In. “ficient
he: ine =and
glow rate

af anench~
ing,

Satisfactory
hent treat-
ment,

Passable |
heat
treatment,



TABL® IV (CONTD)

SUMMARY OF RUS'LTS OF MICROTXAMINATION N® "AXTv™r wARD™™D PORTION OF

TYPE
OF
LOT NO, "ANMUFACTTRZR BAYO!'ZT

BAYONET BLADES

Y=iR
o

MFG, I'ICROSTRUCTIRE

ROCRWWLL

nen

TARDMESS REMARKS

I

b

15

16

17

18

Snringfield
Armory

Springfield
Armory

Springfiecld
Armory

Sprinsfield
Armory

Springfield
Armory

41905

1914

1915

1916

1917

1918

Temmered martensite, 51
Undissolved coaybides,
Grain boundaries

cnrbides and pesrlite
ghosts ~t center,

Temmered :1or tensite, 49
Pearlite ghosts,
Prrtially dissolved
nenrlite =re-s, Un~-
dissolved c~rbides
both within grains

ond at boundaries

2% center,

Temmered mar tensite, 45
Primary troontite,

and undigssolved car-
bides at outside,

Poarlite ghosts,
Tmdissolved cardides

and aresas of sphoroidlzed
nearlite at center,

Temmered martensite. L7
mdissolved cardides

and vmearlite aress ot
cenier.

Termered mortensite, 52
Partiallv disgolved
pearlite aress, "n-
dissgolvel carbides

within grains and at
boundsriss,

Pagsable
heat trasat-
ment,

Poor grain
bound~rv,
condition,
Insufficient
hanting,
Poor grnin
bondary
condition,

Ingufficient
heating s=nd
glow auench-
ing rate.

Ingufficioent
heating.,

Ingufficient
heating,
Poor

grain ,
bonndary
condition,

* Yoar of manuf-~cture was not stammed on bavonei but probably is 19h3.




TARLT V

SUI'TARY OF RITS™LTS OF SUPPLTMTTATY 1T CROMRANITATION

TYPE T2AR PART DISTA™CR ROCX~
or oF oF TROM! TIGTRY WWLL
¥ * LOT ¥0. MATTFACTURIR BAYONST MPG, BAYOYWT "ROFT NF  COMDITION mMnmYR NCh
: GITARD IN HARD.-
oS mss
4 1 Pal Blade Co, M1 1943* Tang ~-2-3/4  Quenched
. and dravm 2el- R1
B 3 Pal Blade Co, M1 1943* Critical ‘
Section ~3/4  gpheroidizedZ-"~ -1l
\ B 4 Pal Blade Co, M1 1943* Critical o
! Socction ~3/4 Svharnidize-
Annonled 2-W- 9
i c 1 Pal Blade Co, Ml 19U3*  Tang ~2-2/4  Slowlv
rmaonchad
and drawm  2-X-~ = 38
! c 4 Pal Blado Co, M1 1947*  Tront
of Guard 0 Partinlle
g hardoned,
Thig mart
of dbavo—
. . nct did
) not at—
\ tain tomm-~
\ o eraturo of
heating bath, 2-Y- =k
| D 2 American Fork
‘ and Hoe Co, Ml 1943* Oritical
Section ~3/U Spheroidizo-
Annealed 22 -2
by 1 Union Fork
and Hoe Co, M1 1943*  Blade +3 /U Spheroidized
This nart »f

bnvonet Aid

not attain

temnerature

of heating

bath, 2~21~ 2K

* Yoar of manufacture was not stammed on bavorets dbut mrobebly is 1043,
\ ) ** Direction of blade voint is positive: direction of nommel is negative,

20w
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LOT A - CRITICAL SECTION LoT 8B
COARSE PEARLITE, TRACES OF
GRAIN BOUNDARY CEMENTITE.
BAYONET NO. .

CRITICAL SECTION LoT C

CRITICAL SE

TEMPERED MARTENSITE, GRAIN
BOUNDARY PRIMARY TROOSTITE
AREAS, PEARLITE GHOSTS,

TEMPERED MARTENSITE
SCATTERED PRIMARY TROOSTITE
AREAS, BAYONET NO, 1.

LOT | 1907 = CRITICAL LOT | 1908 CRITICAL

- LOT | 1909 -~ CRITICAL
SECTION, SECTION. SECTION,
PEARLITE, SPHEROIDIZED PEARLITE, EVIDENCE OF COLD PEARLITE. SPHEROIDIZED
CEMENTITE, SMALL FERRITE WORK , CEMENYITE, GRAIN BOUNDARY
AREAS, CEMENTITE,

N
=IN
=

o] 0
@ {
3 °\
™ - Lol
© 4 ) e
e
A=
S R L A NS
-5
LOT | 1917 = CRITICAL L -
LoT 1S Lot | 1918 CRITICAL LOT A — NEAR POMMEL
EMPERED MARTENSITE.
COARSE PEARLITE, GRAIN PEAR :
BOUNDARY CEMENTITE, cement| e, STrEROIOIZED BAYONET NO- 1.

FIGURE 2-PHOTOMICROGRAPHS OF

LOT D — CRI

TEMPERED MaA
TROOSTITE AN
CEMENTITE. &3

LOT t tS9ld
SECTIiON.

o]
FINE PEARLIE
FERRITE,

YR AT
- M
D

»
R
L
Yonstoa
D

LoT 8 CR

SPHERO D! 2E
BAYONET NO,

WIN,O3G~5¢ G

MAGNI!

BAYOI)

<




. Py "
PRARINN

-

CRITICAL SECT(ON LOT € = CRITIZAL SECTION LOT F — CRITIZAL of

D MARTENSITE. PRIMARY PEARLITE, GRAIN BOUNDARY TEMPERED MARTINSITE,
ITE AREAS, UNDISSOLVED CARBIDES., BAYONET NO, | FERRITE IN CRYSTALLOGR
ITE, BAYONET NO, |. IT PLANES, BAYONET NG,

LOT | 1911 - CRITICAL LOT | 1912 ~—= CRITICAL LOT ¢+ 1913 -~ CRITICAL
SECTION, SECTION, SECTIJIN,
FINE PEARLITE.GRAIN BOUNDARY COARSE AND FINE PEARLITE, PEARLITE, SMALL AMOUNT OF
FERRITE. GRAIN BOUNDARY CEMENTITE, FERRITE,
. o~ ww o 4 o
m<\§>\ p“)” &9-\ v #i2,
( Ny 6 \_)0 f’d“l"
e .\)
.,j ?ﬁ(?\‘ )
) \\{\\ ?>Aﬁ\;m
> ‘\\ \\\‘. , p r‘:‘:
,v (')()(\ l\\ )
O() (0 “ "—) R ?g\ ’(\1
. . \
RSGNGN
LS ‘ t\\ I, 0o
’ “\‘( (r)) '\’) 3] N ly" 1‘)‘ o
\ \\ 4 \k,' (\.
)‘Y;im ,)‘ &v
—V— W
LOT B ~ CRITICAL SECTION LOT B ~ CRITICAL SECTION NEAR POMMEL

LoT ¢ -

SPHERGIDI ZED CHEMiNT ITE,
BAYONET NO,

SPHEROICIZED CEMENTITE.
3, AREAS OF PEARLITE,
BAYONET NO, 4,

TEMPERED MARTENSITE,
NUMERQUS SMALL AREAS OF
PRIMARY TROOSTITE. BAYOf.
NO. I,

ETCH—PICRAL

WIN.63%-6290

MAGNIFICATION—1500 X

BAYONETS OF COMMERCIAL AND SPRING

LOT G = CRITICAL SEQ

SPHEROIDZED CEMENT I TE &
OF PEARLITE, BAYONET

LOT | 1§14 — CRIT)ICAL

SPHERQIDI ZED CARBIDES
TRACES OF PLARLITE,

an
pL

— &

LOT C— FRONT OF GUARD RY

PEARLITE, PRIMARY TRO
AREAS, PEARLITE GHOSTS
HAYONET NO, 4,

.1

WIN,30-6:G1

FIELD AR

|
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A CT -
L SECTION “1TICAL SECT!ON LOT H — CRITICAL SECTION LOT I 1906 = CRITi 4
Al tocRaomE . vENTITE. TRACES  SPHEROIDIZED CARBIDES. SPHERO 101 ZED CEMENT)
AYONET NO. |4 BAYONET NO. |. MARKED TRACES OF PEA:
YONET NO, |,
\' . B \
"SK “
\ -
\ EN
o
V.} . \
? V \ \1‘\ [} Y \\l
e ATty
\E\ “”‘J\RUV
h .\‘
"
ERTSREIRAY
Vo \ \"\\'.\\‘ ‘u)
1, l\\‘l\?‘.l \\
. .A |. l,*’x i
RN
CRITICAL
‘ LOT 1 1714 — CRITICAL SECTION  LOT 1 1GI5 = CRITICAL SECTION LOT | 1416 — CKITICAL SECTIr"
L AMOUNT oOF SPHERQIDI2ED CARBIDCS, MARKED — PEARLITE, SPHEROICI ZED CEMENTITE.

‘ TRACES OF PEARLITE, MARKED TRACES OF PEARLITE,

'POMMEL n
LCT C- - “ONT OF GUARD LOT D — CRITICAL SEATION LOT F_—~ 3/4" FROM GUAR
ATE . TOWARD POINT. .
'REAS OF PEARLI" . PRIMARY TROOSTITE SHPEROIDIZED CEMENTITE, X
E. BAYONET ARCA™  ARLITE GMOSTS, TRACES OF PEARLITE, SPHERO DI ZED CEMENT!ITE.
e no4, BAYONET NO. C. EVIDENCE OF CEMENTITE

SOLUTION IN FERRITE MATRiIX.

’ICRAL ‘ BAYONET NO, 1.

RING. ) ARMORY MANUFAGTURE—FIG. 2
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APPTDIX B

TRAVSYTIRSE BTVYD TESTS T WD-107%0 STT™L BAYO™T RLADES

Specimen Rockwell TCM
o, Hardness
A-1 55=586
A-2 5h-55
3-1 F1-52
B2 51-52
-1 19-50
0~2 19-50
D-1 'L47-u48
D-2 L6-L7
B-1 Loy
B2 Llls
F-1 37-38
F-2 37-38

Maximmm Load

Lbs,
980
980
970
750
980
960
820
700
770
825

£00

570

Occurrence at

Yaximum Dond

Fractured

Y

Bent, "o Tracture

" "

Fote 1 - Thesc tests were made an the wniform nortion of 17160K

bayonet blades using a span of £V,

at the center of the spen,

The load was amplied

il



APPEITIX C
VAR DEPARTHEIT

OFFICE OF THE CFIEF OF ORDI'AICE Bird/mdl
SPOTS VASHINGTON, D. C. Ext. 5845

25 Fovember 1943

Subject: Bayonets, Ml and 11905 - Directive for Test of
Tos Commanding Officer

Watertown Arsenal

Watertown, lassachusetts

Attn: Colonel Zornig

l, A large number of reports have been lately reccived from
the field regarding breakages of bayvonets manufactured by the Pal
Blade Company. The breakage has uniformally occurred in the tang
immediately to the rear of the bvolster which supports the guard,
Investigation has determined that since approximately 1923, and
possibly considerably before that time, the tangs of vayonets,
11905 and M1 were not tempered. This was cdone with the possibly
misteken ides of providing a seoft teng wihich would bend, rather
than break, in use, Further investigation has slown that the
heat treatment as used by Pal 3lade Company provided an especially
poor grain structure at the point of the tang directly to the rear
of the bolster,

2. The Pal Blade Company was requested to temper the blade
and tang completely through to the pummel, Preliminary tests of
these blades indicate that bavonets manufactured by this method
are supericr to those of manufacture using the nrevious method
leaving the tangs unterpered,

3, Forwarded to your Arsenal cre bayonets as follows:

2. 25 - Beyonets, 11905 of Springfield Armory
or Rock Island manufacture made prior
to 1923,

“be 25 =~ Bayonets, M1l of Pal Blade Compnny nan-
ufactured having heat—~treated tangs,

C. 25 - Bayonets of Pal Blade Compeny monu-~
facture having unheat~treated tangs,



To: Watertown Arsenal Bird/mdl
Subject: Bayonets, 1l and H1905 - Directive for Test of

d. 25 ~ Bayonets of current or late manufacture by
; each of the following faciltlies: Pal Blade

i Company, Union Fork and Hoe, Utica Cutlery,

American Fork & Hoe, Wilde Drop Forge & lfg.
Company, and Oneida Limited,

4, It is requested that youwr Arsenel undertalie a study of these
bayonet samples in an effort toc determine methods of heat-treating
blades to provide the strongest and nost durable bayonet,

By order of the Chief of Ordnance!

Rene' R, Studler
Colonel, Ordnance Dept.
Agsistant :



DEPARTMENT OF THE ARMY
UNITED STATES ARMY RESEARCH LABORATORY
ABERDEEN PROVING GROUND, MARYLAND 21005-5066

¢
REPLY TO

THE ATTENTION OF

AMSRL-CS-IO-SC (380) 6 June 1997

MEMORANDUM FOR Defense Technical Information Center, 8725 John J.
Kingman Road Suite 0944, Ft. Belvoir, VA
22060-6218

SUBJECT: Cancellation of Distribution Restrictions for Watertown
Arsenal Laboratory Reports

1. References:

a. “Rin P"WETY Watertown Arsenal Laboratory Report No. WAL
320/29, “Bayonet Blades, Investigation of WD 10-80 Steel for Use
in Bayonet Blades”, 19 January 1944.

b;f“ﬁﬂ@§$§¥%?fﬁf(Watertown Arsenal Laboratory Memorandum
Report No. WAL, 739/87, “The Metallurgical Examination of a
Japanese Samurai Sword”, by J. I. Blum, 25 September 1946.

c. AD—BQGQW?EO;KWatertown Arsenal Laboratory Report No. WAL
739/47, “Bayonets, Metallurgical Examination of Six Lots of T2
Bayonets”, 2 August 1944.

d. AD*ESG!‘%GWr’Watertown Arsenal Laboratory Report No. WAL
739/48, “Bayonets, Metallurgical Examinaton of Eight M1 Bayonets
Submitted by Springfield Armory”, 8 August 1944,

e,v“%B“B!ﬁ?”ﬁ89¥/Watertown Arsenal Laboratory Report No. WAL
739/37, “Bayonets, Metallurgical Examination of Bayonets of
Commercial and Springfield Armory Manufacture”, 5 April 1944,
2. Our Labcratory has reviewed the reference reports and has
approved them for public release; distribution is unlimited.
Request thay¥ you annotate your records and mark the documents with
distribution statement A in accordance with DOD Directive 5230.24.

3. Our action officer is Mr. Douglas J. Kingsley, telephone
410-278-6960

S%9ﬁ§ZMb¢ﬁ./<iﬁdtkal/

P. ANN BROWN
Chief, Security/CI Branch
ARL, APG

%E;Eg
ARL - A NATIONAL REINVENTION LABORATORY



